There are limited data regarding intermediate-term outcomes in patients with persistent BK viremia. Other viral infections have been implicated in the development of allosensitization through heterologous immunity, but the relationship between BK viremia and donor-specific antibodies (DSAs) is unexplored. In 2008, we initiated routine post-transplant BK viremia and DSA screening at our center; 785 kidney or kidney-pancreas transplant recipients were included in our study. Of these recipients, 132 (17%) recipients developed BK viremia during the study period. The median duration of BK viremia was 140 days (interquartile range=40-393 days), and persistent BK viremia was defined as lasting $140 days. Kaplan-Meier curves were generated to assess differences in patient and allograft survival on the basis of BK viremia status; survival was modeled using Cox proportional hazard regression. After a median follow-up of 3 years, there was no significant difference in terms of patient (hazard ratio [HR], 0.83; 95% confidence interval [95% CI], 0.28 to 2.49) or allograft survival (HR, 0.80; 95% CI, 0.37 to 1.73) between patients with and without BK viremia, which was confirmed in a time-varying analysis. In our logistic regression model, persistent BK viremia was strongly associated with the development of class II (HR, 2.55; 95% CI, 1.30 to 4.98) but not class I (HR, 1.13; 95% CI, 0.46 to 2.77) DSAs. These data suggest that persistent BK viremia does not negatively affect intermediate-term patient or allograft survival but is associated with increased risk for de novo DSA, although the exact mechanism is unclear.
BKvirus is a double-stranded DNA polyomavirus first isolated from a kidney recipient in 1971. 1 Primary infection is usually acquired in childhood, and latency is established in the uroepithelium. 2 Although seldom a concern in immunocompetent hosts, BK viremia may be detected in 10%-30% of kidney recipients. [3] [4] [5] The best elucidated risk factor for BK virus infection in kidney recipients is the overall degree of immunosuppression, with lymphodepleting antibody induction as well as tacrolimus-and mycophenolic acid (MPA)-based regimens considered by some to be especially permissive. [6] [7] [8] If untreated, BKviremia can progress to BK nephropathy, impaired allograft function, and graft loss. 9 There is currently no effective antiviral prophylaxis or therapy for BK virus. Guidelines [10] [11] [12] recommend early post-transplant screening to detect viruria or viremia before the development of overt nephropathy. This strategy, coupled with reduction of maintenance immunosuppression on detection of viremia, often leads to rapid BK viral clearance 13, 14 and is the accepted standard. However, two recent studies 15, 16 suggest that approximately 50% of patients infected with BK develop persistent viremia, despite immunosuppression reduction. The effect of persistent BK viremia on patient outcomes is unclear. Although allograft survival was not affected in either series, patient survival was reduced in one study, 15 and there was more graft dysfunction in the other study, 16 albeit only in patients with persistently high viral loads.
BK infection frequently impairs graft function through direct viral cytopathic injury; however, it has also been associated with rejection. 16 There are three theories put forth to explain the relationship between BK virus and rejection. (1) Overimmunosuppression from intensified therapy to treat rejection can predispose to subsequent BK viremia. (2) Rejection may complicate overaggressive immunosuppression reduction to treat BK viremia. (3) BK virus may mediate allosensitization and rejection through heterologous immunity. Both EpsteinBarr Virus and cytomegalovirus (CMV) are examples of viruses that have been strongly linked to acute and chronic antibodymediated injury through this mechanism in organ transplant recipients. 17 The development of de novo donor-specific antibodies (DSAs) after transplant is now a widely used harbinger of subclinical alloreactivity and often precedes overt antibodymediated rejection by months to years. 18, 19 We hypothesized that persistent BK viremia is a risk factor for and precedes the development of DSAs.
Commencing in 2008, our center, which uses a standardized depleting antibody induction and tacrolimus-MPA-prednisone maintenance regimen, initiated a protocol of routine BKviremia and DSA screening starting at 3 months post-transplant. This study was performed to examine the effect of any BK viremia treated by immunosuppression reduction on patient and graft outcomes in our population, including testing our hypothesis relating persistent BK viremia to de novo DSA.
RESULTS
From January 1, 2008, to December 31, 2012, 863 kidney, pancreas, and kidney-pancreas transplants were performed at our institution ( Figure 1 ). Eight patients received a pancreas after kidney transplant; 27 patients received a simultaneous liver-kidney or heart-kidney transplant. Two patients received a second kidney transplant during the study period. Twenty patients either experienced primary nonfunction or did not have at least 90 days patient or allograft survival. Twenty-one patients did not ever have a BK viral load checked in the post-transplant period. In total, 785 patients met study criteria and were included in the analysis.
Baseline Characteristics of the Cohort
The cohort was predominantly men (62%), with a mean age at transplant of 50.7 years (SD=13.5 years); 35% of patients were African American. Most patients (71%) received a deceased donor kidney and induction with rabbit antithymocyte globulin (rATG; 88%). The vast majority of patients were on a maintenance immunosuppression regimen consisting of tacrolimus (96%), mycophenolate mofetil (MMF)/MPA (99%), and prednisone (100%). Sensitized patients with a panel reactive antibody (PRA)$30% comprised 18% of the cohort, and 95 (12%) patients had a history of a prior kidney transplant outside the study period. Allograft loss occurred in 43 patients, in whom just over one half (n=22) were because of patient death. The most common causes of ESRD included glomerular disease (25%) and diabetes (25%); 12 patients in the cohort were HIV-positive, 51 patients were infected with hepatitis C virus (HCV), and 9 patients were hepatitis B virus surface antigen-positive.
BK Virus Prevalence and Characteristics
During the study period, 132 (17%) patients had detectable BK viremia, with 17 (13%) patients having only a single positive BK PCR. Routine screening detected 117 infections, with another 15 infections diagnosed in the course of evaluation of allograft Figure 1 . Most patients transplanted at our center were included in the study. Creation of the patient cohort. Pancreas transplants alone, multi-organ transplants (except kidneypancreas) and those with less than 90 day survival were excluded from the analysis.
dysfunction. Median peak BK viral load was 4 log copies/ml (interquartile range [IQR]=3.5-4.7). Of 298 for-cause biopsies performed during the study, 12 patients were diagnosed with BK nephropathy at a median of 190 days (IQR=160-223) posttransplant. The median time to BK viremia detection was 137.9 days (IQR=94.3-216.0), and 48% of patients were diagnosed by the 3-month routine screening time point. The median duration of BK viremia was 140 days (IQR=40-393), and 68 (52%) of the infected patients met criteria for persistent BK viremia. Fourteen patients with BK viremia that did not clear the virus, despite the antimetabolite discontinuation and tacrolimus minimization strategy were converted to cyclosporin A (CsA). Six of these patients remained viremic, despite target CsA trough levels of 35-50 ng/ml.
Clinical Features of Patients with Detectable BK Viremia
An unadjusted analysis of the entire cohort is shown in Table 1 , with patients without viremia compared with their counterparts with any detectable BK viremia as well as patients with persistent BK viremia. Compared with the nonviremic cohort, patients with any detectable BK viremia were older than patients without viremia (53.4612.4 versus 50.2613.7 years, P=0.01). There was no significant difference in terms of the sex or racial composition of the three groups. Similarly, there were no significant differences with respect to donor type, ureteral stent placement, induction immunosuppression, level of sensitization, prior transplant, or pretransplant diabetes prevalence between the viremic and nonviremic recipients. The vast majority of patients received tacrolimus as the initial calcineurin inhibitor (CNI); however, among 19 recipients treated with CsA, BK viremia was more prevalent. Significantly, more patients with BK viremia had acute rejection (T cell-or antibody-mediated) than patients without viremia. Because BK viremia detection had a slight bimodal distribution with a small second peak at 12 months post-transplant (Figure 2 ), we compared baseline clinical and demographic characteristics of these patients with later-onset viremia with those characteristics of patients whose viremia was detected at 3 months, although we found no significant differences (Supplemental Table 1 ).
Development of DSA
In 710 patients in whom DSA was measured, de novo DSA developed in 124 (90 patients during routine screening and 34 patients during investigation of allograft dysfunction) patients, including 35 (4%) patients with class I DSA alone, 63 (8%) patients with class II DSA alone, and 26 (3%) with both classes I and II DSA. Median class I mean fluorescence intensity (MFI) was 1900 (IQR=1000-3600), and median class II MFI was 3000 (IQR=1200-14,000). Overall, DSA and class II DSA positivity was higher in patients with BKviremia than patients without viremia (P=0.03), whereas the percentage of patients with class I DSA did not differ significantly between these groups (P=0.17) ( Figure 3 ). In patients with BK viremia, detection of BK virus (median time=137.9 days) preceded development of de novo class I DSA (median time=273 days) and class II DSA (median time=383 days). Median trough tacrolimus levels measured on 15 separate occasions in viremic patients both before and after BKvirus detection during the first 2 post-transplant years were not significantly different at any of these time points when stratified by DSA status (Supplemental Table 2 ). After a median follow-up of the cohort of 1104 days (IQR=653-1562), there were no significant differences in serum creatinine levels at 3, 6, 12, 24, or 36 months between the patient groups. Patient survival (97.0% in the BK+ group versus 97.2% in the uninfected group) and allograft survival (93.9% in the BK+ group versus 94.6% in the uninfected group) were, likewise, not different between the BK-infected and uninfected cohorts (Figure 4 ).
Patient and Graft Loss: Multivariable Regression Models
Univariable and multivariable Cox regression models were fit for graft loss and patient mortality (Tables 2-4 ). In the univariable analysis for graft loss, age.65 years, presence of HCV infection, prior kidney transplant, prior nonrenal transplant, class I DSA, and any acute rejection were all significantly associated. Although BK viremia was not associated with graft loss (hazard ratio [HR], 1.02; 95% confidence interval [95% CI], 0.47 to 2.19), it was retained in the multivariable model, because it was the exposure of interest. Highest BKviral load was also tested in the univariable model and not significantly associated with allograft loss (HR, 0.57; 95% CI, 0.24 to 1.37). In the multivariable model, only age.65 years, HCV infection, and acute rejection remained significantly associated with graft loss, whereas BK viremia was not (HR, 0.80; 95% CI, 0.37 to 1.73).
In a similar analysis performed for deathcensored allograft loss, African-American race (HR, 2.86; 95% CI, 1.28 to 6.36), HCV infection (HR, 3.57; 95% CI, 1.34 to 9.50), class I DSA (HR, 3.30; 95% CI, 1.08 to 10.13), and acute rejection (HR, 13.74; 95% CI, 6.06 to 31.15) were all significant in the univariable analysis. However, in the multivariable analysis, only acute rejection (HR, 13.1; 95% CI, 5.73 to 30.08) was significantly associated, whereas BK viremia was not (HR, 0.78; 95% CI, 0.29 to 2.08).
The multivariable Cox regression models for patient death are shown in Table 2 . Age.65 years, HCV infection, prior kidney transplant, and prior nonrenal transplant were all associated with patient death in the univariable analysis. In the multivariable analysis, only age.65 years, HCV infection, and prior kidney transplant remained significant. Neither BK viremia (HR, 0.83; 95% CI, 0.28 to 2.49) nor highest BK viral load (HR, 0.32; 95% CI, 0.07 to 1.45) was associated with patient death.
We next explored whether the duration of BK viremia was associated with patient and graft survival by examining the change in BK viral status at each of the screening time points and analyzing it as a time-varying covariate (Tables 3 and 4 ). In the univariable analysis for allograft loss, using BK as a timevarying variable (noted as BK_TV in the tables), we found that BK was not associated with graft loss (HR, 0.42; 95% CI, 0.06 to 3.07) but was associated with age.65 years, HCV infection, prior kidney transplant, acute rejection, and class I DSA. In the multivariable analysis, only HCV infection, acute rejection, and age.65 years remained significantly associated. BK modeled in a time-varying fashion was not associated with allograft loss (HR, 0.35; 95% CI, 0.05 to 2.55). The time-varying analysis for patient death revealed similar results, with HCV, age.65 years, and prior kidney transplant being significantly associated with patient death, whereas BK viremia was not (HR, 0.83; 95% CI, 0.11 to 6.23).
BK Viremia and Development of De Novo DSA Multivariable Models
We fit logistic regression models to investigate whether BKvirus was associated with allosensitization in terms of any de novo DSA formation as well as development of de novo classes I and II DSA individually (Tables 5 and 6 ). With BK virus ever positive included as a covariate in the model, it was significantly associated with de novo DSA formation (odds ratio [OR], 1.82; 95% CI, 1.23 to 2.92; P=0.01). When the model was fit with persistent BK viremia as a covariate, persistent BK viremia was also significantly associated with the development of any DSA (OR, 2.56; 95% CI, 1.45 to 4.52) in the univariable analysis as well as male recipient, African-American race, man donor, PRA$30, and acute rejection. In the multivariable model, persistent BK viremia remained significantly associated with any de novo DSA (OR, 2.53; 95% CI, 1.40 to 4.59) as well as African-American race, PRA$30, and acute rejection.
In the analysis of risk factors for development of class II DSA (Table 5) , BK ever positive was not significantly associated with class II DSA (OR, 1.54; 95% CI, 0.88 to 2.73; P=0.13), whereas persistent BK viremia (OR, 2.81; 95% CI, 1.51 to 5.24) as well as HCV, donor age, PRA$30, class I DSA, and acute rejection were all significantly associated with class II DSA; in the multivariable analysis, only persistent BK viremia (OR, 2.55; 95% CI, 1.30 to 4.98), acute rejection, PRA$30, and class I DSA remained significant. To further examine the relationship between persistent BK and class II DSA, we performed a time-varying analysis for the development of class II DSA (Table 6 ). In the univariable analysis, persistent BK viremia, African-American race, donor age, donor sex, expanded criteria donor kidney, prior kidney transplant, PRA$30, class I DSA, and acute rejection were all associated with class II DSA; in the multivariable analysis, only persistent BK viremia (HR, 2.20; 95% CI, 1.11 to 4.36; P=0.02), PRA$30, and acute rejection remained significantly associated with development of class II DSA.
Neither BKever positive nor persistent BK viremia was significantly associated with the development of class I DSA in the univariable (OR, 1.51; 95% CI, 0.65 to 3.51) or multivariable (OR, 1.13; 95% CI, 0.46 to 2.77) logistic regression or time-varying models. Similarly, no association was found between the MFI of class I or II DSA and either presence of BK viremia or BK viral load.
DISCUSSION
In this study, we describe the outcomes of 785 kidney or kidney-pancreas recipients who were managed early post-transplant with routine serum BK virus screening and immunosuppression reduction by protocol for any detectable viremia. During the study period, 132 (17%) patients developed BK viremia, and 12 of them had biopsy-proven BK nephropathy. Almost one half of the patients with BKviremia were identified at the 3-month screening time point, consistent with other reports. 3, 4, 14 In contrast to some prior studies, 7, 8, 14 our multivariate analysis did not find an association between development of BK and choice of induction or maintenance immunosuppression; however, this result may be because of the overwhelmingly predominant use of rATG induction and tacrolimus-mycophenolate-based immunosuppression in our cohort. Other previously identified risk factors, 9, 10, 20, 21 such as sex, race, and ureteral stent use, were not shown to be significantly associated with BK viremia in our cohort. We believe that this finding reflects the fact that the BK viremia risk imparted by burden of immunosuppression dwarfs these other factors. This notion is underscored by the fact that both older recipient age and treatment for rejection, exposures known to diminish immunity, were significantly associated with BK viremia. We also noted no association between other potentially immunomodulatory infections, such as HIV, HCV, and CMV, and BK viremia.
As an opportunistic infection, BKvirus is strongly related to overall immune status. In our cohort, where the immunosuppression regimen was uniform in almost all patients, reduction of the antirejection burden was effective in bringing about viral clearance, consistent with established guidelines. However, our study highlights that this process is a gradual process, with more than one half of infected patients still viremic 4 months after commencing immunosuppression reduction. This finding is in contrast to CMV infection, for example, where immunosuppression reduction coupled with therapies that disrupt viral replication typically render patients aviremic within a few weeks. Persistent BK viremia, therefore, has the potential to limit practitioners' decision-making capacities regarding upward or downward titration of immunosuppression during this entire period, especially given the lack of efficacious antiviral therapy. It is possible that, during this phase of persistent viremia in the setting of gradual viral clearance, there is a tipping point, where the net state of immunosuppression changes from one of over-to underimmunosuppression, predisposing to allosensitization and acute rejection. For this reason, the development of effective preventive antiviral therapies is urgently needed to help mitigate this risk.
In our cohort, 78% of infected patients were still viremic 4 weeks after diagnosis and initiation of immunosuppression reduction, with 61.5% of patients remaining viremic at 3 months. In contrast to a prior study by Hardinger et al., 15 in which persistent viremia occurred in 48% of the cohort and was associated with inferior patient survival, we did not find that persistent BK viremia negatively affected either patient or allograft survival. There are two possible explanations for the differences in rates of persistent viremia between the study by Hardinger et al. 15 and our study. (1) The study by Hardinger et al. 15 screened weekly for the first 16 weeks and therefore, detected and intervened earlier.
(2) Although rATG was widely used in both studies, one third of the patients in the study by Hardinger et al. 15 were on CsA as the calcineurin inhibitor, and a high proportion were receiving azathioprine rather than MMF; hence, the overall immunosuppression burden was likely lower in their population.
One of the most novel aspects of our study is that we have examined the relationship between BKviremia and the development of de novo DSA. There was a statistically significant increase in the risk of any de novo DSA in patients with persistent BK viremia (HR, 2.53; 95% CI, 1.40 to 4.59; P,0.01) and an increase in the risk of class II DSA in particular (OR, 2.55; 95% CI, 1.30 to 4.98; P=0.01). The exact mechanism behind this association, although intriguing, is unclear. It may represent an unanticipated consequence of overaggressive reduction of immunosuppression that is not adequately replenished after BK virus is cleared. Alternatively, analogous to what has been observed with other viruses, such as CMV, de novo DSA formation could occur as a manifestation of heterologous immunity by which BK-specific T cells provide help for alloreactive B cells. The observed temporal relationship between the early development of BK viremia followed by later appearance of class II DSA is suggestive of a causal link between them. All patients with BK viremia in our study received a standard immunosuppression regimen before virus detection and had their immunosuppression reduced after detection according to a standard minimization protocol, regardless of DSA status. Moreover, trough tacrolimus levels during the first 24 posttransplant months, measured before and after BKvirus detection in all patients with viremia, were not significantly different when stratified by DSA status (Supplemental Tables 1 and 2 ). Despite seemingly standardized immunosuppression management in all patients, we cannot further quantify the overall immunosuppression burden of patients to more clearly understand the relationship between BK viremia and DSA in the absence of a universally accepted immunostat. Additional prospective studies using translational research methodology will be required to elucidate the exact mechanism of DSA development in these patients. Regardless of the mechanism of DSA development in the setting of BK viremia, it is widely accepted that de novo DSA represents a threat to long-term allograft survival. Our study has several strengths. It describes the prevalence of BK viremia in the modern immunosuppressive era in a cohort almost exclusively induced with rATG and maintained on tacrolimus-MPA-prednisone and the concomitant effect of a standardized immunosuppression reduction approach on BKviremia. Furthermore, to better assess the effect of duration of BK infection on outcomes and more completely replicate what occurs in clinical practice, we have fit regression models that included BK viremia as a time-varying covariate to account for changes in BK viral status over time.
There are also several limitations to our study. First, although the BK virus screening protocol was instituted prospectively, this study is a single-center retrospective study. However, unlike most prior studies in this area, we have examined BK virus-related outcomes in a transplant population treated with a homogeneous immunosuppressive regimen that reflects the most widely used combination of therapies in the United States. Second, 21 (2.7%) patients did not ever have a serum BK viral load measured as part of routine clinical care, and 32 (4.1%) patients had only one BK viral load measurement during the study period. We believe that these patients not tested or tested one time would have been less likely to have their immunosuppression reduced in the absence of a clear clinical indication, such as BK viremia. Even if undiagnosed BK viremia had been present in these patients not tested or tested one time, a standard, unmodified immunosuppression regimen would be expected to be permissive of BK viral replication, leading to BK nephropathy, attendant allograft dysfunction, and a for-cause biopsy indication, which would have ultimately unmasked BK viremia. Therefore, we believe that the likelihood of missed BK viremia in these nontested patients was low. Third, because our BKvirus screening protocol only commenced at 3 months post-transplant, it is plausible that, by having missed an opportunity for earlier BK virus diagnosis and immunosuppression intervention, we selected out for patients with persistent viremia. Evidence against this selection, however, comes from a recent study, 16 where a protocol BK virus screening and management strategy starting 1 month post-transplant showed that the time to initial detection of BK virus was not different between patients with transient or persistent viremia. Fourth, because of the retrospective collection of data, we had no information regarding BK genotype and donor and recipient BK serostatus; moreover, because we did not biopsy all patients with viremia, we cannot determine the true prevalence of BK nephropathy in our study. However, because for-cause biopsies are routinely performed in all patients with allograft dysfunction, it is very unlikely that clinically significant BK nephropathy culminating in graft dysfunction or graft loss was missed during the period of the study. Fifth, we cannot exclude the contribution of residual confounding to our findings from unmeasured factors.
BK viremia is a common complication of kidney transplantation. With intermediate-term follow-up, persistent BK viremia does not have a negative effect on patient or allograft survival. Although immunosuppression reduction is an effective strategy for treating BK viremia, viral clearance is typically gradual and may predispose to de novo DSA, although the exact mechanism is unclear. Future treatment strategies should focus on simultaneously clearing BK viremia while mitigating allosensitization risk.
CONCISE METHODS

Subjects
A retrospective cohort study of all consecutive kidney or simultaneous kidney-pancreas recipients transplanted at the University of Pennsylvania from January 1, 2008, to December 31, 2012, was conducted ( Figure 1 ). Patients were included in the study if they had at least 6 months of post-transplant follow-up and at least one serum BK virus DNA measurement performed post-transplant. Patients lacking any serum BK virus DNA measurements ever or whose kidney allografts survived for ,90 days (the first time point in our protocol for routine BKvirus screening) as well as recipients of pancreas alone, pancreas after kidney, simultaneous liver-kidney, or simultaneous heart-kidney transplantation were excluded from the analysis. This study was approved by the institutional review board (Institutional Review Board Protocol 818550).
Kidney Transplant Protocol Immunosuppression Protocol
Triple therapy-based maintenance immunosuppression comprised a CNI in conjunction with an antimetabolic agent and prednisone. The CNI was almost always tacrolimus; modified CsA was used if patients had been on it at the time of transplant (e.g., from a prior transplant) or were deemed by the clinical team to be at particular risk for tacrolimus-related toxicity. Target tacrolimus trough levels were (1) weeks 0-12: 8-12 ng/ml, (2) weeks 12-24: 6-8 ng/ml, (3) weeks 24-48: 5-7 ng/ml, and (4) beyond 48 weeks: 4-6 ng/ml. Target CsA trough levels were (1) weeks 0-12: 150-250 ng/ml, (2) weeks 12-24: 150-200 ng/ml, (3) weeks 24-48: 100-200 ng/ml, and (4) beyond 48 weeks: 50-100 ng/ml. MMF was the antimetabolite used in the vast majority of patients, and it was administered at 1 g/d in divided doses, as tolerated, and adjusted to maintain white blood cell count.3.5310 6 /L; the dose was titrated downward for adverse drug reactions. Steroids were initially given a bolus methylprednisolone (500 mg) intraoperatively.
Prednisone was started postoperative day 1 and tapered according to center protocol to 5 mg daily by 30 days post-transplant. Induction therapy generally consisted of rabbit antithymocyte globulin (Thymoglobulin; Genzyme, Cambridge, MA) dosed at 1.5 mg/kg intravenously over 4-6 hours, commencing intraoperatively before reperfusion and infused daily for 2-3 days with an additional two to three doses over the subsequent 10 days in the outpatient setting to a total of three to five doses according to immunologic risk. At the discretion of the transplant team, basiliximab (20 mg; Simulect; Novartis Pharmaceuticals Corp., East Hanover, NJ) administered intraoperatively and again on postoperative day 3 was occasionally used, especially in patients with low immunologic risk. Patients were considered higher immunologic risk if they were highly sensitized (complement-dependent cytoxicity or calculated PRA.30%), had a prior transplant, or were of African-American race; these patients were generally administered five doses of rATG.
Immunoprophylaxis
All patients received prophylaxis against Pneumocystis jiroveci pneumonia with Sulfamethoxazole-Trimethoprim (400-80 mg) for 24 weeks unless allergic, in which case patients were given atovaquone (1500 mg) daily for 24 weeks. Patients who were both donor and recipient CMV-naïve received valacyclovir (500 mg) once daily for 12 weeks for viral prophylaxis. Patients who were CMV-seropositive were treated with prophylactic valganciclovir (450 mg) daily (dose adjusted for Cockcroft-Gault creatinine clearance#40 ml/m) for 12 weeks; seronegative recipients of kidneys from seropositive donors received prophylaxis with valganciclovir (900 mg) daily (dose adjusted for Cockcroft Gault creatine clearance#60 ml/m).
Routine Laboratory Testing
Patients underwent routine laboratory monitoring two times per week for weeks 1-4 post-transplant, weekly for weeks 5-12, biweekly for weeks 12-24, and monthly thereafter until week 48. Beyond week 48, patients have laboratory testing done every 1-2 months unless otherwise indicated.
Indications for Kidney Transplant Biopsy
Kidney transplant biopsies were only performed for cause. Any patient with an increase in serum creatinine$0.3mg/dl above baseline without an alternate explanation (elevated CNI trough level, urinary tract infection, or obstruction) was considered for renal biopsy. Patients with persistent proteinuria.1 g/d were also referred for biopsy.
Diagnosis and Treatment of Rejection
All rejection episodes were diagnosed by renal transplant biopsy. All biopsies were read by a renal pathologist and interpreted according to the Banff 2005 classification. Borderline acute T cell rejection was treated with methylprednisolone (500 mg; three doses) at the discretion of the nephrologist. Banff 1a acute T cell rejection was treated with methylprednisolone (500 mg; three doses). Banff 1b acute T cell rejection was treated with solumedrol or rATG (1-1.5 mg/kg; one to three doses) at the discretion of the nephrologist. Banff grade 2 or 3 acute T cell rejection was treated with rATG (1-1.5 mg/kg; one to three doses). Acute antibodymediated rejection was treated with plasmapheresis (three to five sessions every other day), 100 mg/kg intravenous Ig (Gammagard; Baxter Healthcare Corp., Westlake Village, CA) after each plasmapheresis session and 500 mg/kg intravenous Ig after the last plasmapheresis session, and one to two doses of 375 mg/m 2 rituximab (Rituxan; Genentech Inc., South San Francisco, CA) at the discretion of the treating nephrologist.
BK Virus Screening Detection and Management
Since January of 2008, our kidney transplant program has had a policy in place to prospectively screen sera of all recipients for BK virus DNA by PCR assay (Rotor-Gene Q assay; Qiagen, Valencia, CA) at 3, 6, and 12 months post-transplant and then yearly thereafter. BK viremia is defined by .2.6 log copies/ml in the serum, the lower limit of detection for the assay in our hospital laboratory. All patients with detectable viremia are managed in a standardized manner, which includes discontinuation of antimetabolite therapy at the time of initial detection followed by serial serum BK viral load measurements every 3-4 weeks. In patients whose BK viral load does not decline, despite discontinuation of the antimetabolite, the CNI dose is then downwardly titrated until the level of viremia starts to decrease. In patients whose BK viremia does not improve, despite the above measures, tacrolimus is switched to CsA at the discretion of the treating nephrologist. Patients with .4 log copies/ml BK viremia and evidence of allograft dysfunction are biopsied. BK nephropathy was diagnosed by light microscopy with tubular atrophy and fibrosis accompanied by an inflammatory interstitial infiltrate in addition to positive VP-1 capsid (PAB597) and SV40 immunohistochemical staining. Clearance of BK viremia is defined by three consecutive negative monthly tests. After BK viremia is cleared, the antimetabolite is reintroduced at the discretion of the treating nephrologist, and monitoring resumes at routine intervals. In our study, we defined persistent BK viremia as viremia lasting .140 days, the 50th percentile for viremia duration in our cohort, and 68 patients met this criteria. In our study, a median of three BK viral loads per patient (IQR=2-4) was checked at the predefined surveillance time points outside of testing on the basis of either indication or monitoring for viral clearance after discovery of detectable viremia as described above.
Screening for HLA Antibodies after Transplantation
Since January of 2008, our kidney transplant program has prospectively screened sera of all recipients for anti-HLA antibodies using singleantigen Luminexassays (OneLambda,CanogaPark, CA) at1,3, 6,and 12 months post-transplant and then yearly. Any DSA.800 MFI was reported as positive. Patients who develop a positive DSA will have either their antimetabolite or CNI dose increased at the discretion of the treating nephrologist; DSA monitoring continues as outlined above.
Statistical Analyses
The following clinical and demographic data were collected on patients in the study: sex, race, age at transplant, donor type (living, deceased, expanded criteria, donor after cardiac death, and Centers for Disease Control (CDC) high risk), prior transplant, PRA (complement dependent cytoxicity or calculated PRA), induction immunosuppression, maintenance immunosuppression, cause of ESRD, pretransplant diabetes mellitus, new-onset diabetes after transplantation, donor age, donor race, donor sex, HIV serostatus, HCV load, hepatitis B status, ureteral stent placement, CMV viremia, renal biopsy date and result, classes I and II DSA, serum creatinine, BK viremia as determined by PCR at 3, 6, 12, 24, 36, and 48 months, patient survival, and allograft survival. Data were analyzed using STATA, version 12.1 (Statacorp., College Station, TX). Continuous variables were analyzed using t test or Wilcox rank sum test as appropriate. Categorical variables were analyzed using chi-squared or Fisher exact test. Kaplan-Meier curves were generated to assess differences in patient and allograft survival on the basis of BK viremia status. Patient and allograft survival were then modeled using Cox proportional hazards regression. Any variable found to have a P value,0.10 in univariable analysis or known a priori to be a risk factor for BK viremia and patient or allograft survival was included in the multivariable analysis. BK viremia was retained in the multivariable models, regardless of statistical significance, because it is the exposure of interest.
Given that the state of BK viremia changed over time, we modeled BK viremia as a time-varying covariate in a sensitivity analysis. For patients who were missing a BK value at a collection time point, the value was imputed by carrying the last measured observation forward. There were only a very small number of instances in which the flanking measurements were discordant, and models were tested imputing values as both positive and negative. The direction of the imputation in these cases did not significantly influence model outcomes. Risk factors for the development of DSA were modeled using logistic regression. As outlined above, any variable found to have a P value,0.10 in the univariable model or known to be a risk factor for the development of DSA was included in the multivariable model. Standard model checking procedures were used to assess model fit.
